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(57) ABSTRACT 
A network-centric device discovery solution that leverages 
area event location services. A proximity server (PS) per 
forming device discovery for a discoverer mobile initiates an 
area event, via a location server, for each device subscribed to 
the same proximity service group as the discoverer mobile 
and camped on the same Zone as the discoverer mobile. The 
area event notifies the PS each time such device moves into an 
area of an E-CGI and/or WiFI access point where the discov 
erer mobile attaches. If the PS receives an area event notifi 
cation for the device camped on the same Zone as the discov 
erer mobile, the PS requests location information for the 
device and uses returned location information to determine if 
the device is within a predefined proximity of the discoverer 
mobile. If the device is within a predefined proximity of the 
discoverer mobile, the PS sends a proximity alert message to 
the discoverer mobile. 
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ProSe Discoverer 
Procedure 

The Discoverer VE initiates Mobile Originating 
Location Procedure to position itself and retrieve 

the network information (e.g. PLMN ID, LA/RA/TA, 
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The Discoverer UE is registered at a Proximity 
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significantly? The Discoverer UE initiates a request for Proximity 
Discovery to its ProSe Server. The request includes 
ProSe Service Type, UEldentifier, ProSe Group ID, 
VE current location, serving NETWORK Info (e.g. The Discoverer UE initiates Mobile 

PLMN ID, LA/RA/TA, E-CGI, WiFi Occess Originating Location Procedure to 
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FIG. 6A 

FIG. 5A FIG. 5B 

Ared Event Process 
at ProSe Server FIG. 5CFG, 5D 

LEGEND 
o Received a request for Proximity Discovery with 

ProSe Service Type, UE Identifier, ProSe Group ID, 
UE current location, Serving Network info (e.g. PLMN 
ID, LA, RA, TA, E-CGI, WiFi Occess Oddress etc), 

UE(s) found in 
g 62 SeOrch in the the same Zone 

registered ProSe enabled UES 
that camp at the same cell (identified by 

E-CGI Or WiFi Access Point). Or the 
Some Zone (identified by 

LA/RA/TA), 

Initiate precise location request to position the 
UE(s) and calculate the distance between the 

discoverer UE and the potential discoveree UE(s). 

Delay for a 
period of time 

distance between 
discoverer UE and discoveree 

UE(s) in the proximity 
range 2 

    

    

    

  

  

    

  



Patent Application Publication Apr. 7, 2016 Sheet 10 of 16 US 2016/010O285 A1 

FIC. 6B 
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ProSe Discoveree 
Procedure 
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the network information (e.g. PLMN ID, LA/RA/TA, 
E-CGI, or WiFi Access point Oddress). 
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FIG. 6 
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FIG. 7 
(PRIOR ART) 
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EXTENDED AREA EVENT FOR NETWORK 
BASED PROXMITY DISCOVERY 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 This invention relates generally to wireless Internet 
Service Providers, Public Safety Service Providers and infor 
mation content delivery services/providers for wireless net 
works and/or Public Safety Service networks. More particu 
larly, it relates to location services for the wireless industry. 
0003 2. Background of Related Art 
0004. A proximity based service is a conventional service 
that utilizes location technology to allow subscriber devices 
to discover other subscriber devices located within a pre 
defined proximity range. Subscriber devices that discover one 
another can then engage in direct peer-to-peer (p2p) commu 
nications, with or without use of a radio network infrastruc 
ture, e.g., a base station. WiFi may also be used as a medium 
for proximity based services. 
0005. A conventional proximity based service comprises 
two components: device discovery and direct communica 
tions. 
0006. The device discovery component of a proximity 
based service enables subscriber devices to discover other 
subscriber devices that are located nearby (i.e. located within 
a predefined proximity Zone), when subscriber devices are 
being serviced by a network that Supports proximity based 
services. 
0007 Moreover, the direct communications component of 
a proximity based service permits any two or more proximity 
based services enabled devices, located within a predefined 
proximity of one another, to engage in direct peer-to-peer 
(p2p) communications. 
0008 FIG. 8 depicts an illustrative example of direct peer 
to-peer (p2p) communications for proximity based services. 
0009. In particular, as portrayed in FIG. 7, when two or 
more proximity based services enabled devices 800, 810, 820 
discover one another within a predefined proximity Zone 830, 
the devices 800, 810, 820 may set up a direct peer-to-peer 
(p2p) communications session 840, with or without use of a 
radio network infrastructure (e.g. a base station) 850. 
0010 FIG. 7 depicts a conventional network-centric 
device discovery method. 
0011. In particular, as portrayed in step 71 of FIG. 8, a 
mobile-1, a mobile-2, a mobile-3, and a mobile-4 all sub 
scribe to the same proximity service group. 
0012. As shown in step 73, the mobile-1, mobile-2, 
mobile-3, and mobile-4 Subsequently move into the coverage 
areas of a base station A and a base station B, and all are 
registered by mobile identifier and cell-ID (e.g. CGI or ECGI) 
at a proximity server. 
0013. In step 75, mobile-1 sends a device discovery 
request to the proximity server to request location informa 
tion for mobile devices (e.g. mobile-2, mobile-3, and mobile 
4) Subscribed to the same proximity service group as mobile 
1. 

0014. In step 77, the proximity server receives the device 
discovery request and initiates a location request for mobile 
2, mobile-3, and mobile-4, each of which are subscribed to 
the same proximity service group as mobile-1. 
0015. In step 79, in the given example, the proximity 
server determines that mobile-2 and mobile 4 are located 
within a predefined proximity of mobile-1. 
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0016. In step 81, upon such discovery, the proximity 
server sends a proximity alert message to mobile-1 to notify 
mobile-1 that mobile-2 and mobile-4 are both located within 
a predefined proximity of mobile-1. 
(0017. As depicted in step 83 of FIG. 7, the proximity 
server periodically sends location requests to the location 
server to request positioning information for mobile-3, within 
an expiration time duration allotted to the device discovery 
request as shown in step 89. 
0018. As shown in steps 85 and 87, if during the time 
duration allotted to the device discovery request, mobile-3 is 
within a predefined proximity of mobile-1, the proximity 
server sends a proximity alert message to mobile-1 to indicate 
that mobile-3 is now located within a predefined proximity of 
mobile-1. 

0019. If the time duration allotted to the device discovery 
request expires, device discovery is terminated, as portrayed 
in step 91 of FIG.8. 
0020. In the network-centric device discovery solution 
portrayed in FIG. 8, the proximity server and the location 
server must periodically exchange positioning information 
for mobile-3 throughout the time duration allotted to the 
device discovery request, as it is not possible to predict when 
mobile-3 will move within closer geographic proximity of 
mobile-1. Unfortunately, it is difficult to determine an optimal 
time interval at which the proximity server and the location 
server should exchange positioning information. For 
instance, depending on a particular speed that mobile-3 is 
traveling at, if a proximity location request interval is set too 
high, the proximity server may miss when mobile-3 (i.e. the 
discoveree mobile) is located within a predefined proximity 
of mobile-1 (e.g. mobile-3 may move in and out of a pre 
defined proximity of mobile-1 before a location request is 
exchanged between the location server and the proximity 
server). Alternatively, if a proximity location request interval 
is set too low, significant network and radio resources (and 
also mobile battery) are consumed for positioning. 
0021 Conventional proximity based services yield a num 
ber of potential applications, e.g., friend finding, gaming, etc. 
A common example of a proximity based service is geofenc 
ing (AKA area event location service or area watching). 
0022. A geofencing service/area event location service is a 
conventional service that generates an event based notifica 
tion each time a target mobile device enters or exits a pre 
defined geographic area. A geofencing service/area event 
location service thus utilizes both proximity based services 
and predefined location information to alert requesting Sub 
scriber devices to the whereabouts of a target mobile device. 
For instance, a geofencing service may send an event based 
notification to a requesting Subscriber device whenever a 
target mobile device enters or exits a predefined geographic 
aca. 

0023 Existing device discovery solutions for proximity 
based services include: a mobile-centric device discovery 
Solution and a network-centric device discovery solution. In a 
mobile-centric device discovery solution, a proximity based 
services enabled device uses radio technology to identify 
other mobile devices located within a predefined proximity 
Zone. For instance, a proximity based services enabled device 
may evaluate its proximity to another mobile device by 
assessing radio signal strength received from that mobile 
device. 
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0024. A network-centric device discovery solution for 
proximity based services is rooted in existing location based 
services for mobile networks. 

SUMMARY OF THE INVENTION 

0025. A system and method for enabling efficient device 
discovery for proximity based services comprises a network 
centric device discovery solution that leverages an area event 
location service. 
0026. The inventive network-centric device discovery 
Solution with area event location service utilizes a proximity 
server and a location server. The location server retrieves 
location information for proximity based services enabled 
devices, responds to area event location requests, and man 
ages area event location services, etc., whereas the proximity 
server manages subscriber data for proximity based services 
and receives and responds to device discovery requests initi 
ated by discoverer mobiles (i.e. mobile devices that have 
initiated a device discovery request). 
0027. In accordance with the principles of the present 
invention, when a proximity server receives a request for 
device discovery from a discoverer mobile (i.e. a mobile 
device that has initiated a device discovery request), the proX 
imity server searches for mobile devices that are both sub 
scribed to the same proximity service group as the discoverer 
mobile and camped on the same cell (e.g. cell global identity 
(CGI) and/or Zone (e.g. location area identity (LAI), routing 
area identity (RAI), tracking area identity (TAI)) as the dis 
coverer mobile. 
0028. In accordance with the principles of the present 
invention, if the proximity server finds a mobile device that is 
both Subscribed to the same proximity service group as a 
discoverer mobile and located within a same cell as a discov 
erer mobile, the proximity server sends a location request to 
the location server to request location information for the 
potential discoveree device (i.e. a device that is potentially 
located within a predefined proximity of a discoverer 
mobile). 
0029. If the proximity server determines that the potential 
discoveree device is located within a predefined proximity of 
the discoverer mobile, the proximity server sends a proximity 
alert message to the discoverer mobile to notify the discoverer 
mobile that a discoveree device (i.e. a device located within a 
predefined proximity of a discoverer device) is located within 
a predefined proximity of the discoverer mobile and thus 
further communication with this device is now possible. 
0030 Alternatively, if the proximity server finds a mobile 
device that is both subscribed to the same proximity service 
group as the discoverer mobile and located within the same 
Zone (e.g. location area identity (LAI), routing area identity 
(RAI), tracking area identity (TAI)) as the discoverer mobile 
(but not located within the same cell as the discoverer 
mobile), the proximity server initiates an area event, via the 
location server, for the potential discoveree device. The prox 
imity server preferably defines the area event so that the 
proximity server is alerted each time a potential discoveree 
device moves into an area of an E-CGI and/or a WiFI access 
point where the discoverer mobile attaches. 
0031. In accordance with the principles of the present 
invention, if the proximity server receives an area event noti 
fication for the potential discoveree device, indicating that the 
potential discoveree device has moved into an area of an 
E-UTRAN cell global identity (E-CGI) and/or a WiFi access 
point where the discoverer mobile attaches, the proximity 
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server sends a location request to the location server to 
request location information for the potential discoveree 
device. 
0032. If location information returned from the location 
server for the potential discoveree device indicates that the 
potential discoveree device has moved into a predefined proX 
imity of the discoverer mobile, the proximity server sends a 
proximity alert message to the discoverer mobile to notify the 
discoverer mobile that a mobile device is located within a 
predefined proximity of the discoverer mobile and thus fur 
ther communication with this device is now possible. 
0033 Alternatively, if it is determined that the potential 
discoveree device is not located within a predefined proxim 
ity of the discoverer mobile, the proximity server waits for an 
area event notification from the location server. 
0034. The inventive device discovery solution is more effi 
cient and more accurate than existing network-centric device 
discovery Solutions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035 Features and advantages of the present invention 
will become apparent to those skilled in the art from the 
following description with reference to the drawings, in 
which: 
0036 FIG. 1 depicts an exemplary network context dia 
gram showing a proximity based service that provides net 
work-centric device discovery for proximity based services, 
in accordance with the principles of the present invention. 
0037 FIG. 2 depicts an exemplary network-centric device 
discovery Solution with area event location service, in accor 
dance with the principles of the present invention. 
0038 FIG.3 depicts an exemplary network-centric device 
discovery solution with area event location service where the 
discoverer mobile moves significantly during the device dis 
covery procedure, in accordance with the principles of the 
present invention. 
0039 FIG. 4 shows an exemplary device discovery proce 
dure for a discoverer mobile, in accordance with the prin 
ciples of the present invention. 
0040 FIG. 5 depicts an exemplary device discovery pro 
cedure for a proximity server, in accordance with the prin 
ciples of the present invention. 
0041 FIG. 6 shows an exemplary device discovery proce 
dure for a discoveree mobile, in accordance with the prin 
ciples of the present invention. 
0042 FIG.7 depicts a conventional illustrative example of 
direct peer-to-peer (p2p) communications for proximity 
based services. 
0043 FIG. 8 depicts a conventional network-centric 
device discovery method. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0044) The present invention extends conventional area 
event location services, as described in U.S. Pat. Nos. 7,764, 
961 and 8.249,589, (both explicitly incorporated herein by 
reference) and implements methods of network-centric 
device discovery to provide a more efficient device discovery 
procedure for proximity based services. 
0045. Device discovery for proximity based services is 
conventionally achieved via several different methods. For 
instance, a proximity based services enabled device operating 
on a wireless network that Supports proximity based services 
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may implement radio frequency (RF) device discovery (i.e. 
neighbor discovery) by periodically generating a peer discov 
ery signal, in Synchronization with the wireless network. 
0046 Alternatively, a proximity server and an associated 
location server may provide device discovery by continu 
ously requesting location information for potential discov 
eree devices (i.e. devices potentially located within a pre 
defined proximity of a discoverer mobile) that are located 
nearby a discoverer mobile (i.e. a device that has initiated a 
device discovery request). 
0047. The present invention leverages an existing area 
event location service to provide a more efficient device dis 
covery procedure for proximity based services. 
0.048. An area event location service is a conventional 
service that generates an event based notification each time a 
predefined area event occurs, e.g., each time a target mobile 
device enters or exits a predefined geographic area. 
0049. The inventive device discovery procedure is based 
on a conventional network-centric device discovery solution. 
0050 FIG. 1 depicts an exemplary network context dia 
gram showing a proximity based service that provides net 
work-centric device discovery for proximity based services, 
in accordance with the principles of the present invention. 
0051. As depicted in FIG. 1, a network-centric device 
discovery solution preferably utilizes both a proximity server 
100 and a location server 110. In accordance with the prin 
ciples of the present invention, a proximity server 100 in a 
network-centric device discovery solution manages Sub 
scriber data for proximity based services and receives and 
responds to device discovery requests. For example, the proX 
imity server 100 may maintain: subscriptions to proximity 
based services, Subscriber device relationships (e.g. Sub 
scriber devices current proximity to one another, subscriber 
devices currently engaged in peer-to-peer (p2p) communica 
tions, etc.), associated service identifiers (e.g. unique proX 
imity based service identifiers), etc. 
0.052 The location server 110 in a network-centric device 
discovery solution preferably retrieves location information 
for proximity based services enabled devices, responds to 
area event location requests, and manages area event location 
services, etc. 
0053 As described above, the conventional network-cen 

tric device discovery method shown in FIG. 7 does not lever 
age area event location services as provided herein by the 
present invention. The present invention provides a system 
and method for efficiently processing device discovery 
requests using area event location services (AKA geofenc 
ing). 
0054 FIG. 2 depicts an exemplary network-centric device 
discovery Solution with area event location service, in accor 
dance with the principles of the present invention. 
0055. In particular, as portrayed in step 20 of FIG. 2, a 
mobile-1 120, a mobile-2130, a mobile-3140, and a mobile-4 
150 all subscribe to the same proximity service group. 
0056. As shown in step 22, the mobile-1 120, mobile-2 
130, mobile-3 140, and mobile-4 150 then move in to the 
coverage areas of a base station B (BTS-B) 160 and a base 
station A (BTS-A) 170, respectively, and all are registered by 
mobile identifier, cell-ID (e.g. cell global identifier (CGI) or 
E-UTRAN cell global identifier (ECGI)), and other network 
identifiers (e.g. location area identifier (LAI), routing area 
identifier (RAI), tracking area identity (TAI), public land 
mobile network identifier (PLMN-ID)) at a proximity server 
100. Mobile-3140 is serviced by base station A (BTS-A) 170, 
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while mobile-1 120, mobile-2 130, and mobile-4 150 are all 
serviced by base station B (BTS-B) 160. Mobile-3 140 is not 
located within the same cell 190 as mobile-1 120, mobile-2 
130, and mobile-4 150, but is located within the same Zone 
(e.g. in the same TAI, RAI, LAI) 200 as mobile-1 120, 
mobile-2 130, and mobile-4150. Mobile-3140 is not located 
within close geographic proximity of mobile-1120, mobile-2 
130, and mobile-4 150. 
0057. As shown in step 24, mobile-1 120 sends a device 
discovery request to the proximity server 100 to request loca 
tion information for mobile devices (e.g. mobile-2 130, 
mobile-3 140, and mobile-4 150) subscribed to the same 
proximity service group as mobile-1 120. Mobile-1 120 pref 
erably forwards the following information with the device 
discovery request: a proximity services (ProSe) service type, 
a mobile identifier, a proximity services (ProSe) group ID, 
current location information, serving network information 
(e.g. public land mobile network identifier (PLMN-ID), a 
location area identifier (LAI)/routing area identifier (RAI)/ 
tracking area identity (TAI), cell global identifier (CGI)/E- 
UTRAN cell global identifier (ECGI), wifi access point 
address, etc.), etc. 
0058 As depicted in step 26, the proximity server 100 
receives the device discovery request initiated by mobile-1 
120 and searches for proximity based services enabled 
devices that are both: subscribed to the same proximity ser 
Vice group as mobile-1 120 and camped on the same cell (e.g. 
ECGI) 190 and/or Zone (e.g. location area identity (LAI), 
routing area identity (RAI), tracking area identity (TAI)) as 
mobile-1 120. 
0059. As shown in steps 28a and 28a-1 of FIG. 2, if the 
proximity server 100 finds devices that are both subscribed to 
the same proximity service group as mobile-1 120 and 
camped on the same cell 190 as mobile-1 120, the proximity 
server 100 requests location information for such devices 
from the location server 110. For instance, in the example 
portrayed in FIG. 1, the proximity server finds both mobile-2 
130 and mobile-4 150 camped on the same cell 190 as 
mobile-1 120 and thus requests location information for 
mobile-2 130 and mobile-4 150 from the location server 110. 
0060. As shown in step 28a-2 of FIG. 2, once the proxim 
ity server 100 receives location information for mobile-2 130 
and mobile-4150 from the location server 110, the proximity 
server 100 calculates the distance between mobile-1 120 and 
mobile-2 130 and mobile-1 120 and mobile-4 150, and finds 
that mobile-2 130 is currently located with a predefined prox 
imity of mobile-1 120, while mobile-4 150 is not. Using this 
information, the proximity server 100 transmits a proximity 
alert message to mobile-1 120 to indicate that mobile-2 130 is 
currently located within a predefined proximity of mobile-1 
120, and thus further communication with mobile-2 is now 
possible, as portrayed in step 28a-3. 
0061. As portrayed in step 28a-4, the proximity server 100 
periodically requests location information for mobile-4 150 
throughout the duration of time allotted to the device discov 
ery request. If during this time, the proximity server 100 finds 
that mobile-4150has moved within a predefined proximity of 
mobile-1 120 (step 28a–5), the proximity server 100 sends a 
proximity alert message to mobile-1 120 to notify mobile-1 
120 of this occurrence, as shown in step 28a-6. 
0062 Alternatively, as portrayed in step 28a-7, if location 
information indicates that mobile-4 150 is not located within 
a predefined proximity of mobile-1 120, the proximity server 
100 continues to send periodic location requests to the loca 
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tion server 110 for mobile-4 150, as long as a time duration 
allotted to the device discovery request is not expired. 
0063. If the time duration allotted to the device discovery 
request has expired, device discovery is terminated, as shown 
in step 28a–8. 
0064. Moreover, if the proximity server 100 finds a device 
that is both Subscribed to the same proximity service group as 
the discoverer mobile and camped on the same Zone as the 
discoverer mobile, but not camped in the same cell as the 
discoverer mobile, the proximity server 100 defines an area 
event for the potential discoveree device. 
0065 For instance, in the example depicted in FIG. 1, the 
proximity server 100 finds that mobile-3 140 is both sub 
scribed to the same proximity service group as mobile-1 120 
and located within the same Zone 200 as mobile-1 120 (but 
not located within the same cell 190 as mobile-1 120), as 
portrayed in step 28b of FIG. 2. 
0066. As shown in step 28b-1, the proximity server 100 
then initiates an area event location request, via the location 
server 110, to mobile-3140. The area event location requestis 
preferably defined so that an area event notification is sent to 
the proximity server 100 each instance mobile-3140 (i.e. the 
potential discoveree mobile) enters the area of an E-CGI 
and/or a WiFi access point where mobile-1 (i.e. the discoverer 
mobile) 120 attaches. The proximity server 100 preferably 
allots the same time duration to the area event location request 
as has been allotted to the device discovery request. 
0067. As depicted in step 28b-2, the proximity server 100 
then waits for an area event notification from the location 
Server 110. 
0068. As shown in steps 28b-3 and 28b-4a, if the proxim 

ity server 100 does not receive an area event notification for 
mobile-3 140 within a time duration allotted to the area event 
location request, the area event location request is terminated. 
0069. Alternatively, as shown in step 28b-4b, if the prox 
imity server 100 does receive an area event notification for 
mobile-3 140, indicating that mobile-3 140 has entered the 
area of an E-CGI and/or a WiFi access point where mobile-1 
120 (i.e. the discoverer mobile) attaches, the proximity server 
100 sends a location request to the location server 110 to 
request location information for mobile-3 140. 
0070. In step 28b-5, the location server 110 returns loca 
tion information for mobile-3140 to the proximity server 100 
and the proximity server 100 uses the location information to 
calculate the distance between mobile-1 120 and mobile-3 
140. The proximity server 100 then uses the calculated dis 
tance to determine whether or not mobile-3 140 is located 
within a predefined proximity of mobile-1 120. 
(0071. As shown in steps 28b-6 and 28b-7, if mobile-3140 
is located within a predefined proximity of mobile-1 120, the 
proximity server 100 sends a proximity alert message to 
mobile-1120 to notify mobile-1 120 that mobile-3140 is now 
located within a predefined proximity of mobile-1 120, and 
thus further communication with mobile-3 140 is now pos 
sible. 
0072 Alternatively, as depicted in step 28b-8, if mobile-3 
140 is not located within a predefined proximity of mobile-1 
120, the proximity server 100 sends an additional location 
request for mobile-3 140 to the location server 110 (step 
28b-4b), as long as a time duration allotted to the device 
discovery request has not yet expired. 
0073. If a time duration allotted to the device discovery 
request has expired, device discovery is terminated, as por 
trayed in step 28b-9. 

Apr. 7, 2016 

0074 FIG.3 depicts an exemplary network-centric device 
discovery solution with area event location service, where the 
discoverer mobile moves significantly during the device dis 
covery procedure, in accordance with the principles of the 
present invention. 
(0075. In particular, as portrayed in step 30 of FIG. 3, a 
mobile-1 120, a mobile-2130, a mobile-3140, and a mobile-4 
150 all subscribe to the same proximity service group. 
(0076. As shown in step 32, the mobile-1 120, mobile-2 
130, mobile-3 140, and mobile-4 150 then move in to the 
coverage areas of a base station B (BTS-B) 160 and a base 
station A (BTS-A) 170, respectively, and all are registered by 
mobile identifier, cell-ID (e.g. cell global identifier (CGI) or 
E-UTRAN cell global identifier (ECGI)), and other network 
identifiers (e.g. location area identifier (LAI), routing area 
identifier (RAI), tracking area identity (TAI), public land 
mobile network identifier (PLMN-ID)) at a proximity server 
100. Mobile-3140 is serviced by base station A (BTS-A) 170, 
while mobile-1 120, mobile-2 130, and mobile-4 150 are all 
serviced by base station B (BTS-B) 160. Mobile-3 140 is not 
located within the same cell 190 as mobile-1 120, mobile-2 
130, and mobile-4 150, but is located within the same Zone 
(e.g. in the same TAI, RAI, LAI) 200 as mobile-1 120, 
mobile-2 130, and mobile-4150. Mobile-3140 is not located 
within close geographic proximity of mobile-1120, mobile-2 
130, and mobile-4 150. 
0077. As shown in step 34, mobile-1 120 sends a device 
discovery request to the proximity server 100 to request loca 
tion information for mobile devices (e.g. mobile-2 130, 
mobile-3 140, and mobile-4 150) subscribed to the same 
proximity service group as mobile-1 120. Mobile-1 120 pref 
erably forwards the following information with the device 
discovery request: a proximity services (ProSe) service type, 
a mobile identifier, a proximity services (ProSe) group ID, 
current location information, serving network information 
(e.g. public land mobile network identifier (PLMN-ID), a 
location area identifier (LAI)/routing area identifier (RAI)/ 
tracking area identity (TAI), cell global identifier (CGI)/E- 
UTRAN cell global identifier (ECGI), wifi access point 
address, etc.), etc. 
(0078. As depicted in step 36, the proximity server 100 
receives the device discovery request initiated by mobile-1 
120 and searches for proximity based services enabled 
devices that are both: subscribed to the same proximity ser 
Vice group as mobile-1 120 and camped on the same cell (e.g. 
ECGI) 190 and/or Zone (e.g. location area identity (LAI), 
routing area identity (RAI), tracking area identity (TAI)) as 
mobile-1 120. 

(0079. As shown in steps 38a and 38a-1 of FIG. 3, if the 
proximity server 100 finds devices that are both subscribed to 
the same proximity service group as mobile-1 120 and 
camped on the same cell 190 as mobile-1 120, the proximity 
server 100 requests location information for such devices 
from the location server 110. For instance, in the example 
portrayed in FIG. 1, the proximity server finds both mobile-2 
130 and mobile-4 150 camped on the same cell 190 as 
mobile-1 120 and thus requests location information for 
mobile-2 130 and mobile-4 150 from the location server 110. 
0080. As shown in step 38a-2 of FIG. 3, once the proxim 
ity server 100 receives location information for mobile-2 130 
and mobile-4150 from the location server 110, the proximity 
server 100 calculates the distance between mobile-1 120 and 
mobile-2 130 and mobile-1 120 and mobile-4 150, and finds 
that mobile-2 130 is currently located with a predefined prox 
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imity of mobile-1 120, while mobile-4 150 is not. Using this 
information, the proximity server 100 transmits a proximity 
alert message to mobile-1 120 to indicate that mobile-2 130 is 
currently located within a predefined proximity of mobile-1 
120, and thus further communication with mobile-2 is now 
possible, as portrayed in step 38a–3. 
0081. As portrayed in step 38a–4, the proximity server 100 
periodically requests location information for mobile-4 150 
throughout the duration of time allotted to the device discov 
ery request. If during this time, the proximity server 100 finds 
that mobile-4150 has moved within a predefined proximity of 
mobile-1 120 (step 38a–5), the proximity server 100 sends a 
proximity alert message to mobile-1 120 to notify mobile-1 
120 of this occurrence, as shown in step 38a-6. 
I0082 Alternatively, as portrayed in step 38a–7 of FIG.3, if 
location information indicates that mobile-4 150 is not 
located within a predefined proximity of mobile-1 120, the 
proximity server 100 continues to send periodic location 
requests to the location server 110 for mobile-4 150, as long 
as a time duration allotted to the device discovery request is 
not expired. 
0083. If the time duration allotted to the device discovery 
request has expired, device discovery is terminated, as shown 
in step 38a–8. 
I0084. Moreover, if the proximity server 100 finds a device 
that is both Subscribed to the same proximity service group as 
the discoverer mobile and camped on the same Zone as the 
discoverer mobile, but not camped in the same cell as the 
discoverer mobile, the proximity server 100 defines an area 
event for the potential discoveree device. 
0085 For instance, in the example depicted in FIG. 1, the 
proximity server 100 finds that mobile-3 140 is both sub 
scribed to the same proximity service group as mobile-1 120 
and located within the same Zone 200 as mobile-1 120 (but 
not located within the same cell 190 as mobile-1 120), as 
portrayed in step 38b of FIG. 3. 
I0086. As shown in step 38b-1, the proximity server 100 
then initiates an area event location request, via the location 
server 110, to mobile-3140. The area event location requestis 
preferably defined so that an area event notification is sent to 
the proximity server 100 each instance mobile-3140 (i.e. the 
potential discoveree mobile) enters the area of an E-CGI 
and/or a WiFi access point where mobile-1 (i.e. the discoverer 
mobile) 120 attaches. The proximity server 100 preferably 
allots the same time duration to the area event location request 
as has been allotted to the device discovery request. 
I0087. As shown in step 38b-2 of FIG. 3, during the time 
duration allotted to the device discovery request/area event 
location request, mobile-1 120 (i.e. the discoverer mobile) 
moves significantly, e.g. to a different cell or Zone. 
I0088. In step 38b-3, the proximity server 100 realizes that 
mobile-1 120 has moved significantly and cancels the active 
area event location request(s) initiated in step 38b-1. The 
proximity server 100 then repeats the device discovery pro 
cess (beginning from step 36 of FIG. 3). 
I0089 Steps 38b-4 through 38b-10 are identical to steps 
28b-2 through 28b-9 of FIG. 2. 
0090. In particular, as portrayed in step 38b-4 of FIG. 3, 
once an area event has been initiated for mobile-3 140, the 
proximity server 100 waits to receive an area event notifica 
tion from the location server 110. 

0091. As shown in steps 38b-5 and 38b-6a, if the proxim 
ity server 100 does not receive an area event notification for 
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mobile-3 140 within a time duration allotted to the area event 
location request, the area event location request is terminated. 
0092 Alternatively, as shown in step 38b-6b, if the prox 
imity server 100 does receive an area event notification for 
mobile-3 140, indicating that mobile-3 140 has entered the 
area of an E-CGI and/or a WiFi access point where mobile-1 
120 (i.e. the discoverer mobile) attaches, the proximity server 
100 sends a location request to the location server 110 to 
request location information for mobile-3 140. 
(0093. In step 38b-7, the location server 110 returns loca 
tion information for mobile-3140 to the proximity server 100 
and the proximity server 100 uses the location information to 
calculate the distance between mobile-1 120 and mobile-3 
140. The proximity server 100 then uses the calculated dis 
tance to determine whether or not mobile-3 140 is located 
within a predefined proximity of mobile-1 120. 
(0094. As shown in steps 38b-8 and 38b-9a, if mobile-3 
140 is located within a predefined proximity of mobile-1 120, 
the proximity server 100 sends a proximity alert message to 
mobile-1120 to notify mobile-1 120 that mobile-3140 is now 
located within a predefined proximity of mobile-1 120, and 
thus further communication with mobile-3 is now possible. 
(0095 Alternatively, as depicted in step 38b-9b, if 
mobile-3 140 is not located within a predefined proximity of 
mobile-1 120, the proximity server 100 sends an additional 
location request for mobile-3 140 to the location server 110 
(step 38b-6b), as long as a time duration allotted to the device 
discovery request has not yet expired. 
I0096. If a time duration allotted to the device discovery 
request has expired, device discovery is terminated, as por 
trayed in step 38b-10. 
0097. In the inventive device discovery procedure using 
area event location service, if a proximity Zone defined for 
device discovery using area event location service is in the 
same scale as a serving wireless cell, precise positioning need 
not be triggered (depending on the geographic size of a pre 
defined proximity Zone and a deployed wireless cell (or WiFi 
access point coverage)). 
0098. Detailed procedures illustrated below include a 
device discovery procedure of a discoverer device, a device 
discovery procedure of a proximity server, and a device dis 
covery procedure of a discoveree device. 
0099 FIG. 4 shows an exemplary device discovery proce 
dure for a discoverer mobile, in accordance with the prin 
ciples of the present invention. 
0100. In particular, as portrayed in step 40 of FIG. 4, a 
discoverer mobile initiates a mobile originating location pro 
cedure to position itself and retrieve network information 
(e.g. PLMN-ID, LAI/RAI/TAI, E-CGI or WiFI access point 
address). 
0101. As shown in step 42, the discoverer mobile then uses 
location information and serving network information (e.g. 
PLMN-ID, LAI/RAI/TAI, E-CGI or WiFI access point 
address) retrieved in step 40 to register at a proximity server 
1OO. 

0102. In step 44, the discoverer mobile transmits a device 
discovery request to the proximity server 100 and preferably 
includes: a proximity services (ProSe) service type, a UE 
identifier, a ProSe group ID, UE current location, serving 
network information (e.g. PLMN-ID, LAI/RAI/TAI, E-CGI 
or WiFI access point address), and a time duration. As por 
trayed in step 46, the discoverer mobile then waits to receive 
a proximity alert message from the proximity server 100. 
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(0103) As shown in steps 48 and 50 of FIG. 4, if the dis 
coverer mobile changes location significantly during the time 
duration allotted to the device discovery request, the discov 
erer mobile sets an area event for itself and initiates a mobile 
originating location procedure to position itself and retrieve 
network information (e.g. public land mobile network 
(PLMN)-ID, location area identity (LAI)/routing area iden 
tity (RAI)/tracking area identity (TAI), E-UTRAN cell global 
identity (E-CGI), or WiFi access point address). 
0104. As shown in step 52, the discoverer mobile then 
sends an updated device discovery request to the proximity 
server 100, comprising a proximity services (ProSe) service 
type, a UE identifier, a ProSe group ID, UE current location, 
and serving network information (e.g. PLMN-ID, LAI/RAI/ 
TAI, E-CGI or WiFI access point address), and then continues 
to wait for a proximity alert message from the proximity 
server 100 (step 46). 
0105. Alternatively, if the discoverer mobile does not 
change location significantly during the time durationallotted 
to the device discovery request, the discoverer mobile con 
tinues to wait for a proximity alert message from the proxim 
ity server 100 (step 46). 
0106. In step 54, the discoverer mobile receives a proxim 

ity alert message from the proximity server 100, indicating 
that one or more discoveree mobiles are located within a 
predefined proximity of the discoverer mobile. 
0107 As shown in step 56, the discoverer mobile can now 
set up a direct communication or group communication with 
the one or more discoveree mobiles located within a pre 
defined proximity of the discoverer mobile. 
0108 FIG. 5 depicts an exemplary device discovery pro 
cedure of a proximity server, in accordance with the prin 
ciples of the present invention. 
0109. As shown in step 60 of FIG. 5, a proximity server 
100 receives a device discovery request, with a proximity 
services (ProSe) service type, a UE identifier, a proximity 
services (ProSe) group ID, UE current location information, 
and serving network information (e.g., PLMN-ID, LAI, RAI, 
TAI, E-CGI, WiFI access address, etc.), from a discoverer 
mobile. 

0110. As portrayed in step 62, the proximity server 100 
searches for proximity based services enabled devices that are 
both Subscribed to the same proximity service group as the 
discoverer mobile, and camped on the same cell (e.g. E-CGI 
or WiFi access point) and/or Zone (e.g. LAI, RAI, TAI) as the 
discoverer mobile. 

0111. If the proximity server 100 is unable to find any 
devices camping on the same cell and/or Zone as the discov 
erer mobile, the proximity server 100 returns a result of no 
UE found to the discoverer mobile in response to the device 
discovery request, as portrayed in step 64a. 
0112 Rather, if the proximity server 100 identifies a 
mobile device camped in the same Zone (e.g. LAI, RAI, TAI) 
as the discoverer mobile, but not camped in the same cell as 
the discoverer mobile, the proximity server 100 defines an 
area event, via one or more associated location servers 110. 
for the identified proximity services enabled device, as por 
trayed in step 64b of FIG. 5. The area event is preferably 
defined so that an area event notification is sent to the proX 
imity server 100 each time the identified proximity services 
enabled device enters the area of an E-CGI and/or a WiFI 
access point where the discoverer mobile attaches. The prox 
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imity server 100 preferably allots the same time duration to 
the area event location request as has been allotted to the 
device discovery request. 
0113. As shown in step 64b-1, the proximity server 100 
Subsequently waits to receive an area event notification from 
the location server 110. 
0114. As portrayed in step 64b-2a, if the proximity server 
100 receives an updated request for device discovery from the 
discoverer mobile, indicating that the discoverer mobile has 
moved significantly since the receipt of the first device dis 
covery request, the proximity server 100 repeats step 62 of 
FIG. 5, i.e., searches for proximity based services enabled 
devices that are both subscribed to the same proximity service 
group as the discoverer mobile and camped on the same cell 
(e.g. E-CGI or WiFi access point) and/or Zone (e.g. LAI, RAI, 
TAI) as the discoverer mobile. 
0.115. As portrayed in step 64b-2b, if the time duration 
allotted to the area event location request expires before the 
proximity server 100 receives any area event notifications 
from the location server 110, the proximity server 100 termi 
nates the area event location request (step 66). 
0116. Alternatively, as portrayed in step 64b-2c, if the 
proximity server 100 does receive an area event notification 
during the time duration allotted to the area event location 
request, indicating that the mobile device identified in step 
64b has moved into an area of an E-CGI and/or a WiFI access 
point where the discoverer mobile attaches, the proximity 
server 100 sends a precise location request to the location 
server 110 to position the mobile device for which the area 
event notification has been received. The proximity server 
100 then calculates the distance between the discoverer 
mobile and the potential discoveree mobile (i.e. the device 
that is potentially located within a predefined proximity of the 
discoverer mobile). 
0117. As shown in step 64b-3, the proximity server 100 
Subsequently determines whether the distance calculated 
between the discoverer mobile and the potential discoveree 
mobile indicates that the potential discoveree mobile is 
located within a predefined proximity of the discoverer 
mobile. 

0118. As shown in step 64b-4a, if the proximity server 100 
determines that the potential discoveree mobile is not located 
within a predefined proximity of the discoverer mobile, the 
proximity server 100 delays for a period of time, and then 
repeats step 64b-2c of FIG. 5, i.e., sends another precise 
location request to the location server 110 to position the 
mobile device for which the area event notification has been 
received and calculates the distance between the discoverer 
mobile and the potential discoveree mobile. 
0119) Alternatively, as shown in step 64b-4b, if the prox 
imity server 100 determines that the potential discoveree 
mobile is located within a predefined proximity of the dis 
coverer mobile, the proximity server 100 sends a proximity 
alert message to the discoverer mobile to notify the discoverer 
mobile that a device is located within a predefined proximity 
of the discoverer mobile, and thus further communication is 
now possible. 
0.120. The proximity server then continues to process the 
device discovery request, e.g., the proximity server 100 may 
setup a direct communication or a group communication with 
the discoveree mobile. 

I0121. As shown in step 64b-5, throughout the remaining 
time duration allotted to the device discovery request, the 
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proximity server 100 continues to search for any additional 
devices located nearby the discoverer mobile. 
0122) If, during the remaining time duration allotted to the 
device discovery request, the proximity server 100 finds that 
another mobile device has moved nearby the discoverer 
mobile, the proximity server 100 repeats steps 64b through 
64b-5 of FIG. 5. 

0123 Rather, if the proximity server 100 does not identify 
any additional mobile devices located nearby the discoverer 
mobile throughout the remaining time allotted to the device 
discovery request, the proximity server 100 terminates the 
device discovery request (step 66). 
0.124 Moreover, as portrayed in step 64c of FIG. 5, if in 
step 62, the proximity server 100 identifies a mobile device 
camped in the same cell as the discoverer mobile, the proX 
imity server 100 sends a precise location request to the loca 
tion server 110 to request positioning information for the 
discovered device. The proximity server 100 then calculates 
the distance between the discoverer mobile and potential 
discoveree mobile (i.e. the device potentially located within a 
predefined proximity of the discoverer mobile). 
0.125. In step 64C-1, the proximity server 100 uses the 
distance calculated in step 64c to determine whether or not the 
potential discoveree mobile is located within a predefined 
proximity of the discoverer mobile. 
0126. As shown in step 64C-2a, if the proximity server 100 
determines that the potential discoveree mobile is not located 
within a predefined proximity of the discoverer mobile, the 
proximity server 100 delays for a period of time, and then 
repeats step 64c, i.e., sends another precise location request to 
the location server 110 to position the mobile device camped 
in the same cell as the discoverer mobile, and calculates the 
distance between the discoverer mobile and the potential 
discoveree mobile using the location information. 
0127. Alternatively, as shown in step 64C-2b, if the prox 
imity server 100 determines that the potential discoveree 
mobile is located within a predefined proximity of the dis 
coverer mobile, the proximity server 100 sends a proximity 
alert message to the discoverer mobile to notify the discoverer 
mobile that a device is located within a predefined proximity 
of the discoverer mobile and thus further communication with 
this device is now possible. The proximity server 100 then 
continues to process the device discovery request, e.g., the 
proximity server 100 may setup a direct communication or a 
group communication with the discoveree mobile, as 
depicted in step 64C-3. 
0128. As shown in step 64c-4, throughout the remaining 
time duration allotted to the device discovery request, the 
proximity server 100 continues to search for any additional 
devices located nearby the discoverer mobile. 
0129. If, during the time duration allotted to the device 
discovery request, the proximity server 100 finds that an 
additional mobile device has moved nearby the discoverer 
mobile, the proximity server 100 performs steps 64b through 
64b-5 of FIG. 5. 

0130. Rather, if the proximity server 100 does not identify 
any additional mobile devices located nearby the discoverer 
mobile throughout the remainder of time allotted to the device 
discovery request, the proximity server 100 terminates the 
device discovery request (step 66). 
0131 FIG. 6 shows an exemplary device discovery proce 
dure for a discoveree mobile, in accordance with the prin 
ciples of the present invention. 
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0.132. In particular, as portrayed in step 70 of FIG. 6, a 
discoveree mobile initiates a mobile originating location pro 
cedure to position itself and obtain network information (e.g. 
PLMN-ID, LAI/RAI/TAI, E-CGI or WiFI access point 
address). 
0.133 As shown in step 72, the discoveree mobile then 
uses location information and serving network information 
(e.g. PLMN-ID, LAI/RAI/TAI, E-CGI or WiFI access point 
address) retrieved in step 70 to register at a proximity server 
1OO. 
I0134. In step 74, the discoveree mobile receives an area 
event location request from a location server 110, identifying 
a target area (e.g. an area of an E-CGI and/or WiFi access 
point where the discoverer mobile attaches) described by 
network identifiers (e.g. a PLMN-ID, a LAI/RAI/TAI, a 
E-CGI, and a WiFI access address, etc.), and a time duration. 
The discoveree mobile uses the area event location request to 
set up an area event. 
I0135. As portrayed in step 76, the discoveree mobile waits 
for a detecting area event to occur. 
0.136. In step 78, the area event occurs (e.g. the discoverer 
mobile moves into the area of an E-CGI and/or WiFi access 
point where a discoverer mobile attaches) and the discoveree 
mobile sends an area event report to the location server 110. 
The area event report is used to inform the proximity server 
100 that the area event has occurred. 
0.137 As shown in step 80, the discoveree mobile can now 
set up a direct communication or a group communication 
with other discoveree mobiles. 
0.138. While the invention has been described with refer 
ence to the exemplary embodiments thereof, those skilled in 
the art will be able to make various modifications to the 
described embodiments of the invention without departing 
from the true spirit and scope of the invention. 

1. A method of providing network-centric proximity Ser 
vices to mobile devices, comprising: 

receiving a request for device discovery for a discoverer 
wireless device; 

receiving an area event notification at a proximity server 
when a wireless device of a plurality of other wireless 
devices subscribed to a same proximity service group as 
said discoverer wireless device moves into a geographic 
area of a cell global identity (CGI) where said discoverer 
wireless device is attached; 

in response to said area event notification, requesting, from 
said proximity server to said location server, location 
information of said wireless device; 

determining from said location information that said wire 
less device is within a predefined proximity of said dis 
coverer wireless device; and 

in response to determining that said wireless device is 
within the predefined proximity, sending, a proximity 
alert message from said proximity server to said discov 
erer wireless device. 

2. The method of providing network-centric proximity ser 
vices to mobile devices according to claim 1, wherein: 

said request for device discovery is received from said 
discoverer wireless device. 

3. The method of providing network-centric proximity ser 
vices to mobile devices according to claim 1, wherein: 

said CGI is an E-UTRAN cell global identity (E-CGI). 
4. The method of providing network-centric proximity Ser 

vices to mobile devices according to claim 1, 
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wherein location information of said plurality of other 
wireless devices other than said wireless device corre 
sponding to said area event notification is not requested. 

5. The method of providing network-centric proximity ser 
vices to mobile devices according to claim 1, wherein said 
request for device discovery comprises an allotted time; 

further comprising canceling said request for device dis 
covery when said discoverer wireless device moves to a 
different Zone during the allotted time. 

6. The method of providing network-centric proximity ser 
vices to mobile devices according to claim 1, wherein: 

said Zone is a location area identity (LAI). 
7. The method of providing network-centric proximity ser 

vices to mobile devices according to claim 1, wherein: 
said Zone is a tracking area identity (TAI). 
8. The method of providing network-centric proximity ser 

vices to mobile devices according to claim 1, wherein: 
said Zone is a routing area identity (RAI). 
9. A method of providing network centric proximity ser 

vices to mobile devices, comprising: 
receiving a request for device discovery for a discoverer 

wireless device; 
receiving an area event notification at a proximity server of 

said area event when a wireless device of a plurality of 
other wireless devices subscribed to a same proximity 
service group as said discoverer wireless device moves 
into a geographic area of a WiFi access point where said 
discoverer wireless device is attached; 

in response to said area event notification, requesting, from 
said proximity server to said location server, location 
information of said wireless device; 
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determining from said location information that said wire 
less device is within a predefined proximity of said dis 
coverer wireless device; and 

in response to determining that said wireless device is 
within the predefined proximity, sending, a proximity 
alert message from said proximity server to said discov 
erer wireless device. 

10. A method of providing network centric proximity ser 
vices to mobile devices according to claim 9, wherein: 

said request for device discovery is received from said 
discoverer wireless device. 

11. A method of providing network centric proximity Ser 
vices to mobile devices according to claim 9. 

wherein location information of said plurality of other 
wireless devices other than said wireless device corre 
sponding to said area event notification is not requested. 

12. A method of providing network centric proximity Ser 
vices to mobile devices according to claim 9, wherein said 
request for device discovery comprises an allotted time; 

further comprising canceling said request for device dis 
covery when said discoverer wireless device moves to a 
different Zone during the allotted time. 

13. A method of providing network centric proximity ser 
vices to mobile devices according to claim 9, wherein: 

said Zone is a location area identity (LAI). 
14. A method of providing network centric proximity Ser 

vices to mobile devices according to claim 9, wherein: 
said Zone is a tracking area identity (TAI). 
15. A method of providing network centric proximity ser 

vices to mobile devices according to claim 9, wherein: 
said Zone is a routing area identity (RAI). 
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